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SUMMARY ^ 



Problem 

The plasma display interactive computer terminal used in the Air Force Advanced Instructional 
Systepi computer network provided no facility for the production of printed copy of display images. This 
prevented the programroer/author from capturmg information created during program development for 
analysis and debuggmg. Proposed hard copy umts onder^mnnerdal developnient appeared to be too costly 
and- unrehable for volume use within the training environment. The purpose of {his work unit was to 
mvestigate an altimative approadi to the hard copy problem* and to obtain an in-house unit for use if the 
approadi proved successful 

Approach ^ • , - 

The desired approach was to" develop a spedal random access digital memory using the same dot 
addressing &dpmc as th^^4a^ma display panel. The ur.rmxy wnfSTiTunrtion as a digiLaLdQt m'ap of the 5 1 2 



hy 512 anay^iiLdQls4Jieseiit5ji.yi5i*aIly by tbe^lasma panel. The contents of this memory could thus be 
prmted on 'demand oh a dot line printer. Smot ihe construction of this memory Avotrid be rather iime 
consummg, i\ was deaded that the memory would be simulated on an available PDP-1 1 minicomputer A 
simile mterftce from the plasma display connector to the PDP-l 1 was built \o allow the PDP-1 1 to monitor 
wnte andverase requests to the plasma panel. A program to enable the PDP-1 1 to print the contents of the 
simulated rrfemoo' on a Versatec dot printer resides in the minicomputer while the Hard copy process is^ 
active. ^ ♦ . ,/ ' 

jResuIts ^ ^ ' 

The digital approach to making hard copy worked as anfitipated and is fea^fale for use in volume in 
the traimr^environment. The dot prmter used m this devit:e appears to be highly reliable and produces high 
quality, hiffi contrast copies. The production of actual hardware for the dot memory would be possible with 
in-house rfe)urces if no acceptable cQmmerdal alternative becomes available. ' 
f. . ^ . 

Condusk)|& 

Theudevelopment of the m-house capability to make hard copy has proven quite benefidal for 

software development and represents a feasible alternative for future hard copy devices for use in the 
authoring environment. 
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DEVELOPMENT OF A PIIaSMA PANEL HARl) COPY UNIT 
L LSTRODUCnON 

♦ The Air Force Human Resources Laboratory, Tcdirucal T/aining Division (AFHRL-TT), Lowry Ajr 
Force Base. Colorado, is responsible for the development of the Advanced Instructional5>isicm (AIS> The - 
AIS includes a large computer system to prescribe instructional resources and present on-line instruction at 
interactive graphic computer.termiAak. The termmal used in this system is built around a plasma discharge 
screen whidi^ displays computer generated graphics and characters in an anay of 512 by 512 dots This 
array appears to the user as glowmg orange dots on a blade background, in an approximately 8^ by 8 5 
inch square. Each dot can be individually set or reset and will remember its state untfl further altered. In 
addition the entire screen may be erased in a single operation. 

Although there are many advantages "to developing software at such a terminal, a significant 
disadvantage is that graphic images, and often interactively buih up character groupings, cannot be printed 
un a system line pnnter for program deb^iggmg and analysis. This causes problems <iuring iHstructional 
matenals authormg since the resuhs of a debugging session disappear as a program iS run, leaving (he aothor 
nothing to work with but notes and memories. 

This -work unit was estabhshed to obtain an in-house capability to produce hard copy, and to 
investigate an all digital approach to the construction of such a.unit. Several constr^nihg factors were the 
bnuiefl manpower to support hardware development^and a strong desire to obtain the hard copy capability 
as soon as possible. Consequently, the approach undertaken minimized hardware design and reduced effort 
to approximately four man-weeks. The resulting device has been in use for many months and-has proven 
the ieasibdity of the technique and the rebabibty of a digital rather than optical approach to this problem 

\\. THEORY OF OPERATION 

Plasma Panel ^/ * \ 

The pla^a panel can be considered to be a square anay of illuminable dots each of which remembers 
whether it is illuminated. Each dot is directly addressible by specification of 1 of 512 possible rows, and of 
1. of 51^ columns located within this row. Unlike in typical digital memories, bits (dots) are not grouped 
together m words but are rather handled as single dots at all times. The electrical interface to the panel 
designates both row and column addresses to the panel as 9 bit binary numbers using 18 parallel, active 
high, standard TTL logic signals. A request to change a particular dot always consists of these 18 levels and 
either of two possible sfrober signals. The strobe signals are also active high standard TTL logic levels. 

' The physical design of the plasma difplay ir based on two flat plates of glass held precisely apart 
forming a chamber which is filled with gas. Just below the interior surface of each plate is a grid of ^ 
\lectncal conductors^ honzontally placed in the front sheet and vertically placed in the rear sheet. These 
conductors ^are electrically msulated from the gas mixture by a very thin ^ass coating. The entire front grid 
of conductors 4s made to change polarity with respect to the back grid at a rate of 50 Kilohertz with a 
potential of about 170 vohs. The result of this altemating'i^eld is that if a charge is jdaced at the 
intersection of any two gnds on one surface of the glass it win iump back and forth between the glass 
surfaces lonizmg the neon gas.at the intersection and causing a chaWteristic neon orange glow. By careful' 
control of the resistivity of the insulatmg glass each discharge is effectively isolated from other discharges ' 
even though they^are less than l/60th of an inch apart. The rate at\hich the grid potentials must be 
reversed is cntically related to the gas mixture, pressure, aftd other variable^^and is also a determinant of the ; , 
rate at which dots in the display may be written, \ ^ - y7>. .a*-*?^ ' 

Because a dot may only be changed at a certain point in the refresh cycle, the refresh rate of 50 kHz 
produces an allowable wnte frequency of 1/50000 of a second, or 20 microseconds/bit. This cycle is fully 
synchronous independent of any writmg requests, so request^ from the plasnia terminal hardware to write 
on the panel must be synchronized to the pahel refresh cycle. This is ensured by a TTL "busy" signal 
generated by the plasma panel. This sigri^l goes "not ready" whon a write or bulk erase signal is issued to 

' the panel, and returns to the ready state when the panel is synchronously ready t6 accept further data. The 
effect of this ^haractenstic on a hard copy unit is that the hard copy unit must be capable of recording data ^ 
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sent to the panel in the time taken by the* panel refresh cyde. No delay may be added by the hard copy 
circuitry without disturbing the synchronous cyde of the panel. 

Hard Copx Unit ' ' . 

The hard copy mil to be descnbed m thu report is a simulation of a hardware device whidi has not 
been built. Tftc simulation exhibitsrnusi of the behavior of the actual device, and produces the same hard ' 
copy., The simulation consists of a PDP-1 1 minicompuler repladng a hardware digital memory, a Versatec 
200 dot plotter, and a simple interface bpx cormcctinga plasma panel to the PDP-1 1. The simulation can 
do everything a hardware umt could do except rapid full screen erase. In order to understand how the 
simulation works, it is first necessary to understand how a hardware version would operate. 

A hardware version of this device would be built as a 512 by 512 by 1, bit digital memory. The two 
mne bit addresses (used to address the plasma panel) would select a particular bit m the digital memory. ^ 
This bit would be either set or reset corresponding to whether the assoaated bit in the panel was 

illuminated or dark. Spedal, arcoi tiy would be included to. allow a ll chips in the^Aemory to be erased ^ 

simullapeously to ensure a rapid erasure of memory contents analogous to the bulk erasure capability of 

the plasma panel This memory would also be addressible by a built tn microprocessor which would allow 

the contents to be moved to any of several possible types of dot printers, and to allow for speaal effects 

such as continued (from saeen to screen) plots or inverted (white on blade) images. Such a device is 

certainly well within current technology, and the cost of bydlding it drops with each improvement in * 

random access memory technology. With current costs it shoul'd be achievable with less than SI ,000.00 in 

components. 

The simulated hard copy unit works analogously to the actual hardware hard copy unit. The primary 
difference is that rather than building a hardware memory array, a 16,384 word portion ofHhe address 
space of a PDP-1 1 minicornputer is used to store dot array images. The microprocessor is replaced by the 
nrunicomputer processor which can of course address the "built in 16^84 words of core memory. Storage 
into the memory is performed under program control through input/output ports. The program which 
controls mapping into the dot memory resides in additional storage space and is normally loaded into core 
From disk unless it is already resident when copying is to begin. 

A typical copying session beguis with the loading of the hard copy program into the PDP-11. The 
copy program clears the 16,384 word memory, simulating a full screen erase of the pJasma 'display, and 
begms a tight monitoring loop watchmg write requests issued to the plasma display by the compiiter 
Termmal which houses the display. When the minicomputer detects a write request, it copies the plasma 
screen address into one of its registers and uses this address-as an index into the 16,384 word dot array. It 
moves the contents of the selected word to an output port where the selected bit is altered by a hardware 
multiplexor, external to the PDP-1 1> using the write and erase request lines to set or reset the selected bit. 
The patched word is then moved through an input port back into the dot array, and the monitoring loop is 
repeated. . * * * 

This monitoring loop continues until stopped by the person operating the copier. The operator halts 
the minicomputer and starts it again at the address of a program which prints the contents of the intemal 
memory on the Versatec dot printer. At this time, th^ operator may press a continue switch for additional 
copies of the same image, or may restart the process by clearing the PDP-1 1 dot memory. A single copy 
takes about 15 seconds consideringoperator steps, and. additional copies take about 10 seconds each. 




Ilk DETAILED DISCUSSION 

Terminal Control of the Plasma Panel ^ 

The plasma terminal issues all requests to the plasma display panel through 21 active high TTL data 
. signals. Eighteen of these signals are levels used as two nine bit addresses for row and column as explained 
above. Two strobe signals of '^^ 2 microseconds duration are sent ^it the same time as the address signals."^ 
Only one of these signals is ever active for a given request, one signaling a request to jiluminatc the 
addressed dot, and the other signaling a request to erase the addressed dot. An additional signal is available 
requesting a bulk erasure but this is not implemented since the PDP-1 1 could not perform this operation at 
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the exccutioii speed of the plasma panel, and would thus lo*e data issued immediately after the bulk erase 
request An illustration of I/O lo^c for the modified system is included in Figure-l . 

The dot array of the panel is mapped as an amy of fo>ys in the PDP-1 1 memory, Each horizontal line 
on the panel is treated as a group of 32 PDP-1 1 words. The tower four bits of the panel X axb address is 
used by a hardware multijdexor board ^o. select a particul^ bit in a display row. The other five bits of X 
address arc used as the- five least significant bits of address within &e 16,384 word PDP4 1 array. The nine 
bits of the Y axis panel address are used as the most significant bits' of the array address. Thus, 14 lines 
must be m'terfaced to the *PDP-f 1, and used as an internal address intp the dot matrix. The remaining four 
bits^never enter the computer but do control the multiplexor This mapping is depicted in Figure 2. 

The termmal begins synchronous operation with the plasma panel by strobing either the write o^ 
erase strobes of the plasma panel. The panel wdits until an appropriate point in the refresh cyde and then 
responds to this mitial request. The terminal is constructed so that it will have created the next request 
while the mitial request is pipccssed by the panel. The panel signals completion of the original request by 
maHy tine and since an pr^^^jtjpnal^ request is Waiting, wUl procc^ that request immediatety. If the 
additional -request were not ready at this time, the panel would noi be able to accept it until the 20 
microsecond refresh cycle had been performed. Since the panel might have to draw as many as 5^2 dots 
(one full length screen vector) within 16.6 milliseconds (due to basic data receipt rates not discussed here), 
each cyde must be used. This can be easily seen since 512 . x 20 microseconds = 1 0.240' mflUseconds and. 
could not be doubled since 512 x 40 = 20.480 ndUiseconds 1« longer than the red time available to produce 
the required vector. Thus, the ability of a hard copy device t& work in harmony with this system depends 
•upon a rapid bit copy cyde always shorter flun 20 nucrosecondk 



The ndtipiexor Board ' \ • 

A bntical part* of the hard copy unit is a simple Multiplexing (fe^jcc. This device is used to Replace 
actual bits i^ a selected word of dot memory with set or reset bits depending upon the request issued to the 
plasma panel This bit masking and ilisert process is typically done by software in a device such as-this, but 
could not be done this way due to the time which would be required to perform this'proccss in software. 

The design of this board is that of a 16 dement anay of 2 to 1 multiplexors. At any Umi^ fifteen of 
these muluplexors vyiU be selecting as their output fifteen data lines coming from a PDP-1 1 output port. 
The remaining multiplexor will be relaying the value of a flip-flop in the controller board which will be set 
if a panel write request' is" being processed and reset if a paneljrase is being processed. The multiplexor 
relaying set-reset data is chosen by a 4 to 16 line decoder chip (IC18) also located on the* multiplexor 
board. The four lines, use^ to control the multiplexor arc simply the least significant bits of the column 
address. \ 

The physical layout of this board is such that it plugs into both an output and input port of the 
EDP-11 minicomputer and effidently receives a full 16-bit word from the dot array, and returns the 
modified result into the adjacent port, thus eliminating connectors and cables for this data. This physical 
relationship may be seen in Figure 3.' • 

Each of the individual 2. to 1 multiplexon was built from a^single SN7400 quad ^^A^D^te and is 
composed of IC1..IC16 ort the B2 multiplexor board. A typical circuit for each multiplexor is induded in 
Figure 4. IC17 is simply a buffer for the Write/Erase (W/E) line whidi amplifies tiie signal to drive tiie 16 
multiplexors. A wiring diagram of the B2 multiplexor board is presented in Figure 5. 

Control Boird-Bl * 

. The control board for the hard copier interfaces the terminal/plaama panel signals to^the multiplexor 
and PDP-11. The WRITfi and ERASE signals from the pand are gated together sudi that either signal 
triggers a 1-shot multivibrator (IC21) which in turn triggers another 1-diot which creates the 
microsecond READY-A; signal whidi is being software r^wnitored by the PDP-11. The first 1-shot also 
latches the the write/erase signal into a flip-flop (IC22) on tiiis board. The latched signal constitutes the 
W/E signal which is used to set or reset a bit in the dot' array when the multiplexor board is activated by 
software. 

Timing on this hoard is not critical, however the duration of the READY-A signal must be long 
enou^ to be seen by the software monitoring loop, but short enough io that it has vanished by \he time 
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that the requested patching has finished, or a fake request will be generated. R2 has been set for 2 
microseconds for the first 1-shot and ^ 10 microseconds for the second. The RC network attached to the 
flip-flop generates a dear signal for this flop when power is first applied to the circuit. A sdiematic of this 
board is shown in Figure 6 and the interconnection diagram is included in Figure 7; 

Input Board-B3 

The fourteen most significant addr^ lines from the plasma panel address are used to select one of 
16,384 words from the PDP-1 1 piemory. These lines and the READY A line from the control board B2 are 
routed to input board 83. Tliis board plugs into a PDP-l 1 input port and is read into the monitoring loop as 
a single word of data. The READY A line is fed into the sign bit position of the fDP-11 port. When the 
active low READY A Ime goes low (i.e., logical zero) it is detected as a sign change in the monitoring loop. ^ 
The fourteen address lines are fed into bits 1...14in the PDP-n,and thus appear as a normal PDP-1 1 word 
address when the sign bit drops to zero. Bit 0 is always held at zero, which is necessary since it constitutes a 
half-word (byte) address when it is non-zero. Thus the word address to be changed and the change request 
fi^ (READY A) enter the PDP-1 1 at the same tune and with only one instruction execution. Such speed 
ploys are absolutely essential for the monitoring loop to work correctly. 

The PDP-1 1 Monitoring Software 

The program which operates the hard copy simulation resides in PDP-1 1 address space just above the ^ 
16,384 word dot array. This program consists of three major sections, initialization, monitoring loop, and* 
printout loop. The program is written in PDP-1 1 assembly language and can be loaded into memory using 
standard PDP-1 1 Disk Operating System software. OnCe the program is loaded and starts, it destroys the 
operating system to use the low address PDP-1 1 memory to contain its dot array, since interrupt vectors for 
the PDP-1 1 normally lie within this low address core. . • * * 

Initialization 

The program mitiabzes by turning ofi' the real time clock (since it will soon destroy the clock vector 
anyw^) and performing a loop which dears the lowest 16,384 words of memory. It then establishes the 
addresses of all of the ports to be used in hardware registers so that fast register addressing may be used 
withm the monitoring loop. Because the time required to clear the low core in the PDP-11 exceeds 16 
miUiscconds (the time within which the plasma ^el can be expected to have erased) and because the 
momtonng loop allows no time to check a bulk screen erasure flag anyway, the full screen erase cyde of 
the panel cannot be performcjl under terminal control. Thus the user returns to initialization by setting the 
address of the program mto the switch register of -the PDP-11 when he wishes to erase the dot memory of 
the mmicomputer. Initiahzation leads immediately into monitoring without further operator action 

Monitoring Loop . . 

The monitoring loop is quite short and simple and must be so to perform adequately in real time. 
Once a wnte ot erase request has been detected as described above, the address of the memory word to be 
altered bes m a hardware register. This address is used in a MOVE instruction to move the selected word to 
the mput of the multiplexor board. The address is then'used in another MOVE instruction to place the 
multiplexor modified word back into the dot array. The loop then continjues by checking for the 
appearance of another request while processing was underway. The resulting instruction times are just 
under 20 microseconds as required by the plasma panel refresh cycle. 

Printout Loop ' ' 

The contents of the dot memory are* moved to a Versatec 200 series printer by the remainder of the 
software. The cmly unique portion of this software. is caused by the fact that the printer interface expects 
dot mformation to be delivered in eight-bit groups and inverted left to ri^it from the order in which they 
are mapped by the multiplexing hardware. In the printout loop, the printer is initialized, a process which 
takes several seconds while the electrostatic toner fluid pump is started and stabilizes flow. While the 
prmter is stabihzing, the entire dot map is Inverted left to right .in ei^t-bit groups. In this manner, no extra 
delay is caused by the mapj^g discrepancy. The 32,768 eight-bit groups comprising the screen image are 
then moved to the prmter with appropriate groups of blanks on each fide of each line o^f the image to CTeate 
borders on the printed page. 
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Since the Versatec printer prints lines of 560 dots, (560 - 5 1 2) / 2 = 24 dots (three eight^it bytes of 
zeroes) arc added to the beginning and end of each line of 512 dots. This part of the loop needs only to 
move tlifr data to the,prmter smce it has already been inverted left to right. At this point, the printer is 
made td c^ect paper for mter image separation, and the program then waits^for requests for additional 
copies of the same image by the operator. If they arc requested, by a depression of the continue switch on 
the PDP-1 1 console, they arc prmted unmediately from the already inverted image. Samples of the print 
produced by thc'Jiard copy^evice are^induded in Tables 1 and 2. 



IV. CONCLUSIWS 

/ 

The digital approach to a iiard copy unit has been found to be both feasible and desirable. Image 
quahty has been found to be much better and prease, and not subject to the variability of quality produced 
by the optical umt under consideraticMy. The rebab^ty of the Versatec printer has been outstanding, 
particularly considermg that it has neveybeen serviced or even cleaned m three years of operation prior to 
its use in the hard copy function. ^/ 

The versatility obtained from the availabihty of a processor (m this case the PDP-11 processor) to 
handle the dot data suggests that a hardware version of this simulation should include at least a 
microprocessor to allow for interface to a number of different printers, and for easy inclusion of special 
functions such as black on white image inversion and continuous plotting of adjacent images, etc. 

Wth the immment availability of 16,384 bit random access memory integrated circuits, it should be 
^ssible to build a compact and mexpensive veiision of this simulated digital device if desired. For this 
reason, it is recommended that no optical copying devices be purchased for use in the Advanced 
Instructional System in conjunction with plasma screen terminals. 

The imi^cations f^r a cathode ray tube terminal refreshed from a 16 by 16,384 bit digital memory 
and also providing for iynnection to a hard copy printer are also qiite obvious. ^ ^ 



16 



15 

16 



18 
19 
83 
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43 



56 
57 
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Table L Pla«na Macro V06-03 31 Oct 75 12:36 



/ J , ' iTHIS IS A ORlvB^ PROGRAM Fn« THE PLASMA PANEL HARD COPY U^IT 

3 [the purpose of this driver is TO MOVE A ^ARTICULAR BIT HEI>lG 

4 • "^'^ -"'mRITTEn OS ERASED 8Y A PLASMA TERMINAL I'-iTO A 16003 aORO 

5 * ;REPRE5EnTAJI3'J jF OF Tn£ VISIHLE DISPLAY 

c , ;THE display IS -^A-PED InTU THfe LOWEST U< OF THE POP.ll 

7 ;aT Tie the TriAr> THE ORIVtR 15 RJNMMG MjNITOK CAN^JOT 3E 

Q /ACTIVE. 'ALL I^TE^RjPTS MUST flE FIMS"ED 5EF0KE THE OKIVER 

9 MS ACTIVATED. AnD TnE ^EAL TIME CLOCK Mu5T HA^E BEEN 

i3 ;0ISA5LED PRIOR TO Tic CLEARING OF THE LO-^iER IbK OF MEf^ORY, 

11 ;THE general PnlLOSOPiY OF^THIS PROGRAM 15 TO 

12 ; I. BECO-iE UOAjEj I vTO 0>fE OF^^TME HIGHER MfcMQRY BANKS 

13 • ; 2, TjRn off ti€ real time cloc% 

; 3. CLS4R TnE LO iE^ 1^>J< ^OKDb OF "EMORY TO ZERO 

; a GO INTO A TISHT LOOP AIVO .-lATCH A FLAG BIT IN THE INPUTl 

; ' C5R UNTIL IT CO^ES HIGH INOICATING A REQUEST TO THE PANEL 

^7 ; 5, AT THIS TIiE TiE FOLLOrtiNO SUB STEPS OCCUR; ^ 

; A)TMe HORO ADDRESS O'i THE PLASMA SC^^EEN XS JSEO AS an , 

; I'jDEX into Ti«^ 16K MAP TO GET THE PROPtR lb BIT GROJP 

; CORRESPO-iOING TO TiIS HARTICULAR ^RAGMtNT OF A LInE 

p. . ; SEGMENT jF I o. DOTS (SEE MAP &EL0;i5 

„ , 8)T-iE REMAINING ^ ^ITS Of ADDRESS ARE HEiNG FED jlNTXf . 

%\ t T-iE SPECIAL -.jLTIPLEXDK BOARD TO SELEC T ^HI CH ^ttF THESE 

2a . ; • iD BITS ,ItL 3E CMJSE'-J fO FOLLO-i TnE PLASMA REAOV^RITE 

25 ; REjUEST Ll'< 

26 



I CUic ADjRESS l iOEX (It* tilTS) IS MQvED INTO R2 

ly ; j)^A?tR2] IS Mj/ED TO 0JTPUT2 PORT 

po • EMa 3IT ORj FRO-i- I •iPUT.i /.^ICH NOti. COnT A I NS THE REaO/-RIT 

I 5iT-a£iso iRitten'on the pa^el iv tme proper position- 

; IS moved eAC< lulQ THE PANEL MEMORY' MAP 

; F)Ti- FLAG BIT 13 IMHEOIATLY RETESTEO TO SEE IF A SYNC«0N0 
I REREOJEST -.A^ BEEN MAO.t ^HJLE .lERfe bUSY 

; C)I? Sj. -iz 00 'DIRECTLY BACK INTO T-iE LOUP TO ADO IT, 
I D.TiER.^JSE i5 RETJR^ TO THE MONITORpiK LQOP 



29 
31 

32 . 

33 • V 
3a 

35 ; 

3^ / 
37 



IT^ERE 15 NO ESCAPE F^OM T-iIS LOOP, IT MUST BE EXITED BY HALTING 
33 ;THE PDP-11 A'lj lO^GLInO A k£OJEST'TO «^RInT TmE SC^^tEN 

39 lOuTPjT j*i TiE VER5ATEC. 

aa ' ; * * 

jMhgu SjCM A-TjOGLING is OUNfe, THE CONTENTS OF THE MAP ARE PRINT 
ION T-iE PRIMER aC:0RDI'J3 TO THE MaP SEL0-», AND TMt PROGRAM WAIT 
;F0H a REjjEST PjR -Mj-RE .copies OR FOR A REDJkST POR A MEMO^t 
aa -ICLEAR.ANO MDHE nOiITjKlNG. 

45 ' ' t ^. t . ' 

4£» . 'POS iUST'BE 'VELjAjED ;»iEN , F 1 'U SHED , AS IT bAS fatEN COMPLETELY 

47 ■ lOESTROYED bY THIS Tl-iE ' ' ' 

4a I ' " ' . ' * 

49 r ♦ . M. 'uATtD jER^ 9-0CT-7« . * 

51 .TiTLTE =LAS^A 

52 -la^^tf.liJ'.PSECT PLASMA 
.53 ITT-Jiib RTC«l7r5a6 JLJCATiON OF LINE ^"^f^^^^^Y CLOCK 

5a 



!67/52 MPXRIN3!^)77V2 ; SEN j UA?A OUT TO TnlS PLACE FOR PATCHING 

-55 l67/5a MPxRjjsi677S:* ;RECclvE PATCnb'j HATA IN AT THIS PLACE 

lfe7/^a A0uRl'i3li77ba ' .-DECEIVE la HIT A'iDRCisITb J — la^ FPriM TfcHH 

;-]jTc: 'iUiLT FkO-^ fj»-Yb AN) <a--X(< 



O . -17 



18 
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Table 2. Plasma Macro V06-03 31 Oct 75 12:36 



S8 
S9 
63 
61 
62 
63 
64 

65 
66 

67 

6a 

69 
73 
71 
72 
73 
7ft 
75 



167750 AOU5?CS3iD7753. 

17753a vER3Al3i7753cj 

177532 VERSAQ«i77532 

177530 VERSAC«i77533 



33033 

33336 
3 3fll2. 

.*a0ia 

33316 



335037 
I775a6 
335031 
312732 
1^3330 
305321 
323132 
301375 



1 jy 

3'vE 



33320 



"^r^3>?2a 

77 

78 33353 

79 33332 

-33 ?33 56 

31 33'3a2 

32 33^a6 
33 

3a 

35 
36 
8/ 
3d 
39 
93 

91 3jZ52 

92 3335a 

93 3J056 
9a 33?6? 
'95 03362 

96 3336a 

97 33366 
93 

99 3tf«572 



312730 
102330 

3055532 

312733 

167752 

312734 

16775a 

.M27 

167750 

3t35027 

167/53 



CLR 
■ijv 



31 U3fe 
133776 
311213 
31 iai2 
311 132 
1 3337a 
31 1 132 
133372 
33 bAbJ 
J 77/5a 



,T jy 
T jy 
■J jy 
5?L 

■J J V 
5?L 



;CSR rOR THIS lNTE«F&Ck 

;I^JPJT 3UFFER FROM V^??SATEC INTERPACE 
;QUTPUT ttJFFER TO VE?5SATtC INTERFACE 
;C5R FOR VERSATEC^aiT 15 ONaNQT RFAw)Y 



Rl 

3lj3j 33^-^2 
^l,R2 



3l 33353, R3 
, <2 

5*^^xR ju, ^a 

3A jO^CS,«<5 

jor:s 



*=?3.#R3 
^R-4,#92 

*\OiE 
■»0-iITl 



;TURN OFF T4E LINE FREO CLOCK 

;P0IMT MA» INOX^REG TO AOOR 0 
;PUT LOOP LI^IT IN R2 Crfe<3Ll«IT 

;CLR NiEXT CELL OF MAP, BUmr CNTR 
;maVE //E CLEARtO ALL J6k yET? 
;IF NOT Ca 9ACK AND GET N»EXT OIVE ' 
;MAP is ALL 2EK0ES' -iHEN .^E FIMS 
;C0RRE5P0-ijlNG TO bLACK PanEL,' 

;note: mo-utor is all GONF: byeby 

nO'-^ SETU° ,FOR MONITORING PANEL 
;MASK to TEST FOR PANEL REQUEST 

iJNSERT L3C OF PANEL ADDRESS INP 

;PORT INTj R1 

;R2 USED 45 TE^lP IN THIS LOOP 
;R3 POINTS TO INPUT TO MP)fR 

;Ra POINTS TO UUTPUT, OF MPXR 

t^S POINTS TO CSR USED TO HOLD 

;CLEAR OUT AUOKCS 

;THE PANEL^ REQUEST LINE 

;nOW we 5iGlN TdEr, VERY TIGH> LOO 

;this LOOP -lusr cycle in less 

/THAN 20 -ilCKOSECS TO FOLLO*^. THE 
/PJ^NEL.; T-iS PANEL CANNOT f5E ' ■ 
/SLOPED T3 lAIT FOR P)P«U 

;MQVE ADOR t RUY INTO R2 

;IF FLAG JV,WA1T 

;MOyE ARRAY INTO MPXR 

;mOVE mpj{R jUTPOT* into ARRAy 

;BEGIN 4i«-^iPEAT LOOP 

;AND 00 HjRE IF neeoeo 



rREPEAT LTjjP at START 



13) 
131 
132 
13*5 
13-4 



tJnlb 15 TiE ^tl-iTjjT LOjP USED TO DUMP CjNTFNFS 0F» hf^MORY ON Th 
;vtRSATEC oRI-jTE^ 



M^7^a 

I A.V£:ri, 



ERIC 



: 1 .1 3 3 ,n V a 



18 



J->jVfc IN AUOK FdRF"' I 



19 



Table 2 (Continued) 



117 



3132 


I627ia 

333332 


L00P16: 


SU5 - 


82-;, »a 




t36lS4 




^OLB 






:^v53C3l 








:51273b 




-iOV 






303ttie 








3U6 


I33«iia 




??3??B 


3123 


1 556 

/<33^3l 








3l2a 


335i1b 




DEC 






333373 




BOT 


LpjPo 


31^3 


3'^3iH 








3152 


?a57?a 




TSf 






33lio2 






LOjPIS 



.DECREMENT TO NEXT jnORO 

;vALID DATA TO CARRY 

;5ET UP a REPEAT LO0P-_ 

;Wp ARh INVERTIN 
?jF THfc UPPER A^O LOWER 

; INDEX INNER LOOP 
;FI^JI5H INNER LOOP 
;5YTE3 ARE SWAPPED AND I 
njTER LOOP CHtCK 
;fmSH OUTER LOOP 



ERLC 



I * J 


3156 


3127 3/ 




•MOV 






I 7 S w 3 3 










I 77b32 










312737 
1 7 7^1/ 

i r r o 

177332 






12 1 


3152 
/' 


33b7^7 
I77b3i3 




T5T 


121 


3\S6 


l{3:^7 7^b 


4 


BMI 


122 


Jl63 


312737 
1 6 733-3 
I77b32. 




h3V 


123 


3166 


ill 2 7 3/ 




MOV 






J 77to3^J 








177332 




124 


317'J" 


312731 
i?.333a^ 


HRi iT: 


■->DV 


125 










l2-> 


325^ 


162731 

:^23133 


lInE: 


SJ& 


127 










123 


325^1 


/35737 
1 77 335* 




T3T v 


i2^ 


321? 


ie3/7b 






133 


j212 


1^27 3 7 

333-^3^' 
177332 




MOVB. 




1222 


33b737 


riAlT2: 


T5T " 




I77b3ii 






132 


322a 


l«377b 
11^737 

T3?fc3^ 




BMI « 


133' 


3226 




H0V3 






1 77b32 






13-4 


323<i 


3 3S7,3 7 




T5T 






I77b33 




135 




IC^377d 




BHI 


l3o 


32<i2 


112/37, 
I77b32 






„ 137 






% ♦ 





;iAvE ^iO« FHISH^O 9E4R^AN;iING EfiTIRE MATRIX Or BYTES 
5175330, ##VEHSA3 



3l7733i3,#*VERSA3 

##vE^3AC 
;iAlT3 * 

3l37i330,##VERSAQ 

5177^30, #tVEKSAO 

#133330^ ^1 

56u, »91 

##-/Er<5AC 
/iAITl 

i0,#iVERSAO 

*5vE95AC 

.lAITa' 
sO^ftVE-^SAO 



ICLEAR PRINTER BUFFER 
KLRS bIT JUST SET > 

;.iAlT LOOP FOR PRNTR^ROY 

;.iAIT TIL ROY y 
1I-5SUE FORM FEED TO 

jCLR-^IT just SET 

HI. CONTAlNiS taYTES TO*^PRlNT AND 

;18 THE TOP OF PAGE SUFFER ALSO 
iPOSfr-IOVi Rl TO HEAD OP NXT LINE 

r/iAlT LOOP FOR P-RINTER 

/BRANCH 84CK TIL NOT ROY GOES* LO 
nOVE 'BLANKS FOR LEFT MARGIN 

;N*££0 three of THtSE FOR EACH $1 
/SECOND ONE • : 

;move, it ^ 



♦tV^RSAC 
;iAIT3 

40.#iVERSAO 



19 

20 



/THIRD ONE 
/MOVE IT 



TaHc 2 (Continued} 



138 


325Q 


010102 






.^l,R2 


/Rl CONTAINS LINE START AQOR 




139 


3252 


062732 
C^03130 






#6a. ,^2 


laulLO LINE END AOQR IN R2 


• 


laa 


3256 


013133 




-1 JV 


^1 .RS 


;R3 ^oa copy of line start aoor 


lai 
















laa 


32o0 /257?7 


it/rITu: 


T5T 




/WAIT FOR PRINT ROY 








I77b30 












las 


326a 


10377b 








;as above 




ia<j 


3266 


112337 








/MOVE BYTE JO VERSA, INOX R3 


PTR 






177532 








;R3»R2 means THIS LIN^ OONE 






3272 


023302 




C^P 


t3.f?2 




146 


!327a 


301371 








/IF"< THEN NOT OONE 6a BYTES 


YET 








* 










14d 


32,76 


:505737 
177530 




T5T . 


##vER5AC , 


/v^AlT AGAIN 

%^ 




laif 


3332 


103775 






/jAI T5 


■e- ' 




153 


033a 


112737 
003000 
177^32 


* 


/ 


d3.#*VE95A0 


/START LINE AOVANCECBIT U) 




151 


^312 


112/3? 






i3.#pyE^SAy 


/REALLY JjST INSERTING' right 


eoR 






303000 
















177b32 










152 


3320 


11273? 




iOvB 


»0,#i'^ER3AO 


/BIT 11 15 REALLY A PULSE 








000000 














177^32 












153 




/ 








/LINE -ANO HUST BE PUSHEO LOw, 




154 












iss 


3326 


023127 




CHP ■ 


=?i,«3 


/HAVE mE finished YET. OR HORE L 






303030 












I5i> 


3312 


031iJ31 




.5EQ 




;ri»9 means finished 




^ 153 


333a 


300721 






••tl-iE 


/OTHERj«*ISE GO DO NEXT tINE 










( 


##vER5AC 






15^ 


3336 


305/37 


finish: 




/WAIT FOR ROY 








177530 












16J 


33a2 


100775 




FINISH * 






161 


33aa 


312737 






9lf)7030,«irVEK^AO 


/HOVE ANOTHER FORM FEED 






167030- 














177532 , 








> 




162 


3352 


^500637 




BR 








163 


• 


303091 • 


V 









21 



20 
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